Introduction
The purpose of this study was to determine the effectiveness of repeated measurements using a common standardized assessment tool to track development in low-and high-risk infants in the first two years of life. This type of testing mirrors the standard of practice in the U.S. for assessing development when a potential delay has been noted or when high-risk infants, such as those born preterm or with brain injuries, receive developmental monitoring (Disabilities, 2006; Romanczyk et al., 2005) . Each state has its own criteria for what defines ''delay'' and eligibility for early intervention services hinges on these criteria. In some cases, determination of eligibility is clear. For instance, if an infant is born with a diagnosis, such as Down syndrome, associated with future delays, the infant would qualify for services in most states. In other cases where outcomes are more heterogeneous so there is risk but not a certainty of future delay, it is more difficult to determine if an infant or child should receive services (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever, & Oosterlaan, 2009) . This is the case for the growing population of infants born preterm.standardized assessment tool, such as the Bayley Scales of Infant Development, Third Edition (Bayley-III) . The Bayley-III is a commonly selected tool for classification of developmental delay because it assesses development across multiple domains, is normed on young populations (1-42 months), has a long history of use in clinical and research settings, and is often considered a ''gold standard'' for early developmental assessment (Bayley, 2006b; Vincer et al., 2005) .
The Bayley-III is a useful tool for classification of early developmental delay because it allows professionals to standardize an individual's score to quantify degree of delay. This is important because if a child does not have a diagnosis clearly associated with future delays, early intervention eligibility is typically determined by his/her percentage of delay or the number of standard deviations his/her score lies below the mean. Therefore, the policy creates a demand for professionals to quantify developmental delay using specific measures. For all of these reasons, the Bayley-III was selected as the standardized assessment tool to track development in this study. Furthermore, the criterion for classification of delay was selected to be developmental performance more than 1.5 standard deviations below the mean because this is a common criterion in many states, such as New Mexico and Pennsylvania (New Mexico Administrative Code http://nmhealth.org/ ddsd/nmfit/Documents/documents/7.30.8%20NMAC%2006-29-12%20FINAL.pdf; The Pennsylvania Code http://www.pacode.com/secure/data/055/chapter4226/s4226.22.html).
The two-year follow-up schedule, assessment tool, and delay criterion used in this study modeled the standard of practice and allowed us to test whether the Bayley-III is a valid and reliable means for the critical determination of a young child's early intervention eligibility. Although the newest version of the Bayley is one of the assessments most commonly used in practice and research, this is the first study to our knowledge assessing development longitudinally with the Bayley-III in a cohort of low-and high-risk infants (Johnson & Marlow, 2006) . Previous research has identified problems when using other early norm-referenced assessment tools, including the second version of the Bayley, with young populations at risk for delays. Some of these problems include low sensitivity, poor positive predictive value, large discrepancies in scores between two proximal testing points, and instability of delay classification across time (Hess, Papas, & Black, 2004; Horner, 1988; McGrath, Wypij, Rappaport, Newburger, & Bellinger, 2004; Vohr et al., 2012) . Similar longitudinal studies have not been performed with the Bayley-III. Therefore, questions remain about the validity, reliability, and utility of standardized assessment tools, and specifically the commonly used Bayley-III, for young populations.
Methods

Participants
Fifty-four infants and families participated in this study. Parents of all infants provided informed written consent. Twenty-four participants were born full-term without any diagnosed delays or medical risks and were recruited from the community. Thirty participants were born preterm and were recruited from a regional Level Three neonatal intensive care unit (Christiana Care Health Services, Newark, DE). All full-term infants were born between 37 and 41 weeks of gestation and all preterm infants were born between 24 and 30 weeks of gestation. The full-term group was free of diagnoses throughout the two-year study with the exceptions of asthma (n = 1), allergies (n = 2), and laryngomalacia (n = 1). Diagnoses present in the preterm group throughout the study were periventricular leukomalacia (n = 6), intraventricular hemorrhage (n = 8), asthma (n = 3), gastroesophageal reflux disease (n = 6), bronchopulmonary dysplasia (n = 6), retinopathy of prematurity (n = 2), developmental delay (n = 3), hypertrophic cardiomyopathy (n = 2), reactive airway disease (n = 2), hypertonia (n = 1), hydrocephalus (n = 1), chronic lung disease (n = 1), eczema (n = 1), spastic diplegic cerebral palsy (n = 1), and hemiplegic cerebral palsy (n = 1). Table 1 shows detailed demographic information about the groups.
Procedures
This study was a repeated measures assessment of development from three months through two years corrected age using the Bayley-III. The Bayley-III was administered in participants' homes when participants were alert and in a positive behavioral state. The cognitive, receptive language, expressive language, fine motor, and gross motor scales were administered at 3, 4, 6, 9, 12, 18, and 24 months of age. Ages were corrected for participants born preterm. The data reported are a subset from a larger study assessing early learning abilities in infants born at risk for future delays. Therefore, the early visits were more frequent. Assessments were performed by a licensed pediatric physical therapist with expertise in early intervention and a doctoral degree in development. The assessments were video recorded for future scoring by two trained pediatric professionals. Both scorers had masters degrees and knowledge about child development, were not present for home assessments, and were blind to participants' birth and medical histories. They maintained >95% intra-and inter-rater reliabilities across 20% of the scored visits (inter-rater reliability 96.2%; intra-rater reliabilities 97.1 and 96.6%). Administration and scoring training incorporated the Bayley-III Fundamental Administration DVD, in depth review of the Bayley-III Administration Manual, and practice testing/scoring.
Measures
The Bayley-III is comprised of subscales providing scores representing cognitive, language (expressive and receptive), motor (fine and gross), social-emotional, and adaptive behavioral development. The cognitive, language, and motor subscales are scored based on direct observations of child behavior, while the remaining subscales involve caregiver questionnaires (Bayley, 2006b ). The present study examines the stability of only the subscales involving direct observations of child behavior.
The reliability and validity of the Bayley-III have been shown to be high. For instance, it has an average internal consistency of greater than 0.85 for all subscales, test-retest correlations for the subscales across ages ranges from 0.67 to 0.94, and its findings correlate highly with findings from other standardized measures like the Wechsler Preschool and Primary Scale of Intelligence and the Preschool Language Scale (Bayley, 2006a) .
Bayley-III items were each scored according to the Bayley-III Administration Manual. A participant's basal level was identified when ones were achieved for the first three items for an age group, meaning these behaviors were observed. A participant's ceiling level was identified when five consecutive zeros were scored for items, meaning these behaviors were not observed or were not performed correctly. Between the basal and ceiling levels, participants received ones for behaviors observed and performed correctly and 0's for behaviors not observed or performed incorrectly. For each subscale, a total raw score was calculated by summing the item scores. These raw scores were converted to normalized scaled scores using the Bayley III Administration Manual tables. The scaled scores range from 1 to 19, with a value of 10 representing the mean, lower scores representing poorer performance, and a quantity of three representing one standard deviation. Delay on a subscale was defined as a scaled score more than 1.5 standard deviations below the mean (<5.5) because this is a common cut-off for early intervention eligibility in many states within the U.S.
Analyses
We used the Bayley-III delay classifications (delayed or not delayed) at each assessment age to first determine the stability of classification across time. If the classification was the same at every assessment age, the participant was categorized as having a Stable Classification. If there was one switch among classifications across time, the participant was categorized as having a Relatively Stable Classification. If there were multiple fluctuations with more than one switch among classifications across time, the participant was categorized as having an Unstable Classification (Janssen et al., 2011) . Analysis of variance with planned comparison testing was performed to compare the distributions among these categories. Significance was set at 0.05. Effect sizes for significant findings are reported in terms of Pearson's r, with 0.10, 0.30, and 0.50 reflecting small, medium, and large effects, respectively.
We also compared the Bayley-III delay classifications (delayed or not delayed) at each assessment age to the Bayley-III delay classification at the final assessment age to determine how well the Bayley-III identified and predicted future delay. For each subscale, we calculated: (1) sensitivity, or the proportion of children with delays at the final assessment who were identified as delayed at earlier assessments (the number of true positives divided by the number of true positives plus the number of false negatives), (2) specificity, or the proportion of children with typical development at the final assessment who were identified as having typical development at earlier assessments (the number of true negatives divided by the number of true negatives plus the number of false positives), (3) positive predictive value, or the proportion of children with delays at each assessment age who were also delayed at the final assessment (PPV; the number of true positives divided by the number of true positives plus the number of false positives), and (4) negative predictive value, or the proportion of children with typical development at each assessment age who were also typically developing at the final assessment (NPV; the number of true negatives divided by the number of true negatives plus the number of false negatives).
Results
Between 4 and 22% of the participants demonstrated delays in the five Bayley-III subscale domains. Table 2 shows the distribution of these delays. fine motor subscale, potentially because most participants appeared to have typical development in this domain and the Bayley-III has been shown to quite successfully identify infants with typical development (Lobo & Galloway, 2013) . Only 4% of the participants were delayed in the fine motor domain at 24 months.
One might expect a reliable and valid assessment to produce Stable classifications and at times Relatively Stable classifications, for instance when an infant has typical early development but due to environmental factors develops a delay. On the other hand, multiple fluctuations in delay classification are not generally expected. It is not expected, for instance, a child will be delayed at three months, not delayed at four months, and delayed again at five months. To compare expected outcomes with unexpected outcomes, we summed the percentage of participants with Stable or Relatively Stable classifications (expected patterns of outcomes for a reliable and valid classification system). We compared this with the percentage of participants with Unstable classifications (unexpected outcome) and found no difference, t(4) = À1.042, p = 0.36. This means that the assessment classified infants' development inconsistently with multiple shifts in classification just as often as it did consistently or in a meaningful way with one or fewer shifts in classification. For all subtests, the number of participants with Unstable delay classifications was substantial (Fig. 1B) . Fig. 2 shows the sensitivity, specificity, positive predictive value, and negative predictive value for each subtest across time. Note that across subtests the specificity and negative predictive value is generally high while the sensitivity and positive predictive value is generally low. This suggests that the assessment is able to detect infants with typical development but is poor at identifying atypical development.
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Discussion
The results of this study highlight the limitations of relying primarily on standardized assessment tools for identification of early developmental delays (McGrath et al., 2004; Vohr et al., 2012) . In this group of low-and high-risk infants, all subscales of the Bayley-III resulted in highly Unstable delay classifications, low sensitivities, and poor positive predictive values across time. Although the sample size for this study was modest and the number of infants who demonstrated fine motor delays was small, the results showed that it was common for an infant's delay classification to switch more than once throughout the first two years of life.
These findings suggest that the practice of emphasizing standardized assessment scores does not accurately and reliably identify early developmental delays (Vohr et al., 2012) need to determine eligibility for services and for those researching early delays. A common belief noted in the literature and practice is that early assessment should be an ongoing process involving multiple assessment points (Gartland & Strosnider, 2007; Noritz, Murphy, & Panel, 2013; Romanczyk et al., 2005) . However, how does one make sense of multiple assessment points when they result in different classifications of delay? A change in delay might be expected if a child without biological risk is born into a high-risk environment and demonstrates a transition from the classification of ''not delayed'' to ''delayed''. It might also be expected if a child is born with biological risks but receives effective early intervention and demonstrates a transition from ''delayed'' to ''not delayed''. Yet, multiple fluctuations in classification like those observed in this study are more challenging to understand. Does a negative finding really mean the infant is not delayed and no services are needed? Does a positive finding really mean the infant is delayed and services should be provided? Should someone be classified as delayed if she/he meets the delay criteria once, or twice, or at specific ages? Multiple fluctuations make it almost impossible to make sense of repeated assessments. We propose these results highlight the importance of educating professionals and policy makers to focus on eligibility criteria that deemphasize traditional norm-referenced standardized testing and emphasize other components of a comprehensive assessment, particularly clinical opinion and the presence of risk factors (Gartland & Strosnider, 2007; Romanczyk et al., 2005) . Informed clinical opinion is already listed as a qualifier for services for infants and children in over half of the states in the U.S. This means that a professional can recommend services based on his/her global assessment. Professionals gain a more complete picture of the infant or child by incorporating observations across contexts, reports from parents, teachers, and other caregivers, and multiple assessment methods (Carey & Long, 2012; Gartland & Strosnider, 2007) . It is important that early intervention professionals and policy makers understand that a global picture of the child provides a better determination of the child's abilities than do the results of one standardized assessment. Furthermore, when the standardized test results conflict with the observations, reports, and other global findings, early intervention eligibility and other critical decisions should be determined based on the global assessment and the clinical opinion of the early intervention professionals (Msall, Tremont, & Ottenbacher, 2001; Romanczyk et al., 2005) .
The presence of risk factors for future delay should also be emphasized when determining early intervention eligibility, particularly in the first months and year of life (Romanczyk et al., 2005) . Fig. 3 lists some early prenatal, perinatal, neonatal, postnatal, social, and behavioral risk factors that relate to future delays, impairments, and diagnoses. The number and severity of risk factors an infant has can help guide the level of service delivery provided. For instance, if an infant is born with a brain injury, s/he might start with intervention and close monitoring services immediately after hospital discharge (Drougia et al., 2007) . If an infant is born preterm at 34 weeks gestation without other risk factors, close monitoring of that infant at 3-6-month intervals might start after discharge without direct intervention (Petrini et al., 2009) . However if that infant also has bronchopulmonary dysplasia or socioeconomic risks, intervention and close monitoring services might be started immediately after hospital discharge (Lee, 2011; Natarajan et al., 2012) .
The findings of this study also highlight the need for designing better assessment tools for early intervention practice and research. The literature suggests the most valid and reliable tools focus on caregiver input, exploratory play, and spontaneous function, participation, and social interaction with peers across contexts (Lobo & Galloway, 2013; Msall et al., 2001) . For instance, observation of spontaneous play and performance using play-based assessments can be more sensitive for identifying early delays than standardized assessments like the Bayley (Heathcock, Bhat, Lobo, & Galloway, 2004; Kodric, Sustersic, & Paro-Panjan, 2010; Lobo & Galloway, 2013) . This is in contrast to most normreferenced standardized assessments, which involve the performance of discrete tasks presented in a predetermined manner in isolated environments by adult examiners (Bayley, 2006b ). For example, software could be created for use with novel motion tracking technology like the Kinect system to assess the amount, type, and variability of movement, play, and socializing in natural circumstances (Dutta, 2012) . In addition, early intervention providers could choose more naturalistic, play-based assessments such as the Individual Growth and Development Indicators for Infants and Toddlers or the Infant Preschool Play Assessment Scale (Flagler, 1996; Walker, Carta, Greenwood, & Buzhardt, 2008) . In the meantime, it is imperative that early intervention policy makers and institutions funding early intervention research recognize the limitations of the current standardized assessment tools and the value of clinical judgment that incorporates multiple sources of data, including observations across contexts, parent reports, and play-based assessments that are gaining empirical support (Lobo & Galloway, 2013; Simard, Luu, & Gosselin, 2012) .
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